Biodynamic preparations:
Short-term effects on crops,
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Abstract. Biodynamic agriculture is an organic farming system that utilizes fermented
herbal and mineral preparations as compost additives and field sprays. This study was
conducted to determine whether biodynamic preparations affect lentil and wheat growth
and yield, soil fertility, or weed populations in the short run. Each of four nutrient
treatments, biodynamically prepared compost, non-biodynamic compost, mineral NPK
fertilizer, and no fertilizer, were tested with and without biodynamic field sprays. Crop
yield, crop quality, and soil fertility were similar in plots treated with mineral NPK
fertilizers, biodynamic compost, or non-biodynamic compost. Use of compost raised soil
pH from 6.0 without compost to 6.5 with compost. Compost application reduced the
broadleaf weed population by 29% and reduced the grass weed population by 78%.
Biodynamic sprays altered soil and grain N chemistry, but the effects are of unknown
biological significance. Use of the biodynamic field sprays correlated with higher yield
of lentil per unit plant biomass, lower grain C and crude protein contents, greater
NOj content in soft white spring wheat, and greater NH} content in soil. In general,
soils and crops treated with biodynamic preparations showed few differences from those
not treated. Application of composts with or without the preparations produced similar
crop yields with lower weed pressure, compared with equal nutrients supplied by mineral
fertilizer, but any additional short-term benefits from biodynamic preparations remain
questionable.
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Introduction organs, water, and/or soil. The prepara-
tions were developed to improve soil and
crop quality and to hasten composting
(Koepf et al., 1976). Six preparations,
numbered 502 through 507, are added to
new compost piles. Three more prepara-
tions, numbered 500, 501, and 508, are
highly diluted in water and applied directly
to soil or crops as sprays. The primary
purpose in using the preparations is to
stimulate the processes of nutrient and en-

Biodynamic farming has much in com-
mon with other organic farming systems,
including reliance on organic fertilizers,
but differs primarily in the use of special-
ized preparations in compost and as field
sprays (Steiner, 1974). The preparations
consist of manure, silica, or plants, and
most are treated or fermented with animal

L. Carpenter-Boggs is Microbiologist, USDA-ARS

North Central Soil Conservation Research Labora-
tory, 803 Iowa Avenue, Morris, MN 56267; J.P. Re-
ganold is Professor, Dept. of Crop and Soil Sciences,
201 Johason Hall, Washington State University, Pull-
man, WA 99164-6420; A.C. Kennedy is Microbiolo-
gist, USDA-ARS Land Management and Water Con-
servation Research Unit, P.O. Box 64621, 215
Johnson Hall, Washington State University, Pullman,
WA 99164-6421. Corresponding author is L.. Carpen-
ter-Boggs (lcboggs @ morris.ars.usda.gov).

110

ergy cycling, rather than to add nutrients
(Koepf et al., 1976).

The biodynamic preparations have not
been well characterized chemically or mi-
crobiologically, athough cursory analyses
were undertaken by Pfeiffer (1956). Both
the initial materials and the finished prepa-
rations were analyzed for macro- and mi-
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cro-nutrient elements and gross changes
in bacterial numbers. The finished, fer-
mented preparations often had increased
levels of nitrate and readily extracted min-
erals such as Al, Ca, Fe, Mg, and Mo, as
compared with the raw materials. Popula-
tions of both aerobic and anaerobic bacte-
ria tended to be much greater after fermen-
tation. Finished preparation 500, for
instance, contained 5 x 10® bacteria g_l,
and a full set of compost preparations 502
through 507 had approximately 5 x 10°
bacteria g~'. The herbal ingredients of the
biodynamic preparations (Table 1), such
as yarrow (Achillea millefolium L.), cham-
omile (Matricaria recutita L.), stinging
nettle (Urtica dioica L.), and valerian (Va-
leriana officinalis L.), contain a variety of
bioactive compounds (Hornok, 1992). For
instance, extracts of chamomile have anti-
bacterial and antifungal properties (Foster,
1990). In addition, cytokinins, a class of
plant hormones, have been detected in the
field spray preparations (Stearn, 1976).
Plot studies of the biodynamic system
have resulted in varying conclusions about
effects on crop yield and soil quality.
Some farmers and researchers have ob-
tained higher yields (Spiess, 1978) and
others lower vyields (Reinken, 1986;
Schliiter, 1985) using biodynamic meth-
ods compared with conventional agricul-
tural methods. Recent research (Raupp
and Konig, 1996) showed that the biody-
namic preparations could cause different
effects depending upon the average yield
within the trial. With a low-input, low-
yielding system, addition of biodynamic
preparations 500 and 501 increased yield;
with moderate-yield systems the effect
was diminished, and in high-yield (high-

Henry A. Wallace Center for Agricultural & Environmental Policy at Winrock International



Table 1. Initial soil measurements at two experiment sites in eastern Washington in April

1995.
Property Spillman farm Palouse farm
pH 6.2 54
Organic matter (mg/g) 35 35
Available phosphorus (j.g/g) 9 10
Available potassium (p.g/g) 290 310
Nitrate (pg/g) 13 4
Extractable ammonium (p.g/g) 7 2

input) systems, use of the preparations de-
creased yield.

A similarly antagonistic relationship
was found in the application of N fertilizer
and silica spray, similar to preparation
501. Direct application of silicon dioxide
to plants has been shown to stiffen straw
and prevent lodging of rice; this benefit
lessened with higher additions of N (Idris
et al.,, 1975). Uncomplementary interac-
tions such as this may explain the lack of
benefit from biodynamic treatment ob-
tained by some researchers under ideal
conditions, as well as the benefits claimed
by farmers in practical, low-input situa-
tions. Greater plant silica content has been
correlated also with decreased lodging in
wheat (Gartner et al., 1984) and resistance
of rice to insects, fungal pathogens, and
slug damage (Elawad and Green, 1979;
Wadham and Wynn Parry, 1981).

Penfold et al. (1995) found no differ-
ences in soil quality parameters under bio-
dynamic, conventional, and organic man-
agement systems, except those likely due
to differences in fertilization levels. Ngu-
yen et al. (1995) found less available P and
S in soils of some organic and biodynamic
farms due to low levels of fertilization
on those farms. In other studies, however,
biodynamically treated plots improved
soil quality, particularly some biological
parameters. Goldstein (1986) found that
biodynamically managed fields had
greater microbial biomass, respiration, and
organic matter, and longer wheat roots
than conventionally or organically man-
aged fields. Abele (1976, as translated by
Koepf, 1993) found that application of bi-
odynamic compost to soil resulted in
greater soil C and N, microbial dehydroge-
nase enzyme activity, microbial biomass,
and dehydrogenase to biomass ratio than
applications of chemical fertilizers or non-
biodynamic compost. In a study of com-
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mercial farms, biodynamic farms main-
tained better soil quality and were as finan-
cially viable as adjacent conventional
farms (Reganold et al., 1993).

In companion studies, we found that
biodynamic preparations used in compost
increased compost temperature and af-
fected its microbial community structure
(Carpenter-Boggs et al., 2000). However,
biodynamic compost and field sprays ap-
plied to soils did not affect soil microbial
parameters differently than non-biody-
namic compost (Carpenter-Boggs, 1997).
We found also that soil microbial biomass
and activity were greater on established
biodynamic farms than on neighboring
conventional farms (Carpenter-Boggs,
1997).

The objective of this study was to eval-
uate the effects of biodynamic prepara-
tions on yield and quality of soft white
spring wheat and lentil, soil fertility, and
weed populations in the Palouse region of
eastern Washington. Biodynamic com-
post, non-biodynamic compost, mineral
NPK fertilizers, and no fertilizer were used
as fertility treatments in replicated field
plots, with and without biodynamic field
sprays. Although some parameters in this
study were tested in earlier work by others,
this study is unique because it differenti-
ates the effects of biodynamic field sprays
and compost preparations from the nutri-
tional or biological effects of mineral or
organic fertilization.

Materials and Methods
Study area

Field sites were the Palouse Conserva-
tion Farm, maintained by the Agricultural
Research Service, U.S. Dept. of Agricul-
ture, and the Spillman Research Farm,
maintained by the Dept. of Crop and Soil
Sciences, Washington State University.

Both farms are near Pullman, Washington.
Mean annual precipitation is 55 cm and
mean annual temperature is 8.3°C. Soil on
both farms is Palouse silt loam, a fine-
silty, mixed, mesic Pachic Ultic Haploxer-
oll. Initial soil conditions are indicated in
Table 1. Analytical methods are indicated
below. A barley (Hordeum vulgare L.)-
lentil (Lens culinaris L.)-wheat (Triticum
aestivum L.) rotation is common in the
Palouse region, and was present on study
sites prior to and during this study. Con-
ventional tillage was used at both sites
prior to the study and intensive tillage was
needed each spring during the study to
incorporate compost uniformly.

Biodynamic preparations

The preparations used in this study
were obtained from the Josephine Porter
Institute for Applied Biodynamics (JPI,
Woolwine, VA) and used within 1 month
of purchase. The Institute’s production
methods are based on the original specifi-
cations of Steiner (1974), as well as on
the experience and experiments of biody-
namic organizations and farmers (Koepf
et al., 1976, p. 206-219; Sattler and von
Wistinghausen, 1992, p. 83-96). The
methods for making the preparations are
standardized and known to be consistent
over time. Preparation 500 is decomposed
manure; 501 is ground and fermented
quartz; 502-506 are fermented plant mate-
rials; 507 is an extract of valerian flowers;
and 508 is dried horsetail (Table 2). Prepa-
rations 500 and 502-506 are dark, crumbly
materials similar to compost; 501 is a
white powder; 507 is a brown liquid; and
508 is dried, chopped plant matter. One
packaged “unit” of each field or compost
preparation treats 0.4 ha of land or 13.6
Mg of compost material.

Composts

Biodynamic and non-biodynamic com-
posts were developed concurrently begin-
ning in October 1994 and 1995 at the Pa-
louse farm site and were applied to Palouse
and Spillman farm plots the following
April prior to tillage. The raw material
from the Washington State University
Dairy Center was dairy barn waste, con-
sisting of manure and pine-shaving bed-
ding with 65% liquid content. The material
was well mixed because it had been moved
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Table 2. Biodynamic preparation main ingredients and amounts commonly used on 0.4 ha land or 13.6 Mg compost.

Unit volume Unit mass
Preparation Main ingredient Use (em®) (g
500’ Cow (Bos taurus) manure Field spray 35 38
501/ Finely ground silica from quartz or feldspar Field spray 2 1.8
502/ Yarrow blossoms (Achillea millefolium L.) Compost 15 1.1
503/ Chamonmile blossoms (Matricaria recutita L.) Compost 15 3.0
504 Stinging nettle shoots (Urtica dioica L.) Compost 15 44
505/ Oak bark (Quercus robur L.) Compost 15 39
506/ Dandelion flowers (Taraxacum officinale) Compost 15 4.7
507 Valerian flower extract (Valeriana officinalis L.) Compost 2 1.2
508 Horsetail plants (Equisetum arvense L.) Field spray 300 40

! Preparations were fermented as described by Steiner (1974).

repeatedly with farm machinery and
pressed to remove most of the liquid. We
used one batch of raw material in 1994
and two different batches in 1995 to supply
the necessary amount of compost and plant
nutrients.

Each of the three batches of dairy waste
was thoroughly mixed with a front-end
loader and separated into two equal piles,
one treated with biodynamic preparations
502 through 507 and the other a control.
In the biodynamic compost approximately
18 g total wet weight of preparations were
added to approximately 3.5 Mg wet weight
of raw material. According to directions
from JPI for use of the biodynamic prepa-
rations, six holes were bored to the vertical
center of the compost pile with a crowbar.
Each of the biodynamic preparations 502—
506 was then poured into a separate hole.
Preparation 507 was stirred into 8 L water
before application to compost. Half of the
507 solution was poured into the sixth
hole, and half was sprinkled over the entire
compost pile. The holes were then filled
with soil from the surrounding field at the
Palouse farm (Palouse silt loam, moisture
content approximately 0.15 g g™!), requir-
ing approximately 1 L soil for each hole.
To keep non-preparation factors constant
among treatments, control compost piles
also received inoculations of approxi-
mately 6 L soil and 8 L well water, applied
similarly as in biodynamic piles but with-
out the biodynamic preparations. Ac-
cording to JPI’s instructions, compost
piles were not turned after application of
the preparations. Each pile was mixed with
a front-end loader in the spring approxi-
mately 3 weeks before land application,
to assure consistency.
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Field treatments

The biodynamic and non-biodynamic
composts were utilized in field trials of
eight treatments (Table 3). Treatments
were a factorial comparison of four nutri-
ent sources and two spray treatments. Nu-
trient sources compared biodynamic com-
post and non-biodynamic compost with a
positive control (purchased mineral fertil-
izers) and a negative control (no fertilizer).
Sprays applied were either the biodynamic
field sprays or a negative control (well
water). Each treatment was replicated four
times in blocks at each of two experimen-
tal farms and applied to the same plots
over 2 consecutive years. Blocks separated
landscape positions. Plot size was 1.5 m
x 12.2 m.

Crops followed a barley-lentil-wheat
rotation. Since there are no commercial
biodynamic farms in this area, it is not
clear whether the rotation used in this
study would be suitable for local, long-
term biodynamic management. Some ten-

ets of biodynamic management, such as
closed nutrient cycling within the agricul-
tural system, are not feasible in a repli-
cated plot study. Barley was the 1994 crop
in the plot areas at both farms. Lentil (var.
‘Brewer’) was sown in all plots in May
1995, followed by soft white spring wheat
(var. ‘Penewawa’) sown in April 1996
(Table 4). All seed was untreated.
Six-month-old composts were applied
to field plots in April 1995 and 1996 prior
to tillage and planting. Nutrient applica-
tion levels (Table 4) were designed to meet
the N needs of each year’s crop (1995
lentil, 1996 spring wheat) and meet or ex-
ceed the P and K needs, according to soil
tests and Washington State University Co-
operative Extension fertilizer recommen-
dations. Nitrogen availability from com-
posts was used as the primary determinant
of fertilization level. Final compost C:N
ratio was 30:1 in 1995 and 31:1 in 1996.
Composts contained on average 1.03% N,
of which 7-8% was soluble NO3 and
NH;. Rynk (1992, p. 78) states that 8-

Table 3. Field treatments at two experiment sites in eastern Washington in 1995 and

1996.
Treatment Nutrient source Field sprays

1 None Water

2 None BD' 500, 501, 508
3 Mineral NPK? Water

4 Mineral NPK BD 500, 501, 508
5 Non-biodynamic compost Water

6 Non-biodynamic compost BD 500, 501, 508
7 Biodynamic compost Water

8

Biodynamic compost

BD 500, 501, 508

"BD = biodynamic.

ZN, P, and K applied as NH;NO;, NH;H,PO,, and KCl, respectively.
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Table 4. Management practices and dates.

1995 1996
Crop Lentil Soft white spring wheat
Variety ‘Brewer’ ‘Penewawa’

Compost available N-P-K 0.08-0.03-0.13’ 0.13-0.02-0.28’
(kg 100 kg compost™)

Application rate (dry Mg ha™") 19 24

Fertilizer applied” (kg ha™") 16-6-25 31-5-66'
Compost application dates 19-21 April 24 April
Rototilling date 27 April 9 April
Planting date 4 May 23 April
Preparation application dates
500 3 May 22 April
501 19 May 3 June
508 S July 20 June

Weed control Wheel-hoe, hand-pick Wheel-hoe, hand-pick

Weed control dates 12-16 June 10-14 June, 8-12 July
Pest control Tobacco infusion None
Harvest dates 15-18 Aug. 34 Sept.

’ Expressed as elemental N-P-K.

2 Mineral fertilizer applied as NH;NO;, NH,;H,PO,, and KCI.

12% of the total N content of compost
becomes available to plants annually.
Composted dairy wastes released 7.7—
20.8% of the total N as available N in
10 months (Castellanos and Pratt, 1981).
Considering the relatively high C:N ratio
of composts used in this study, we pre-
dicted negligible N mineralization during
the first 3—4 months after compost applica-
tion. Soluble N was presumed to approxi-
mate available N during the first growing
season, with 5% of total N mineralized in
the second growing season after compost
application. Extractable P and K (sodium
bicarbonate extractant) in compost was as-
sumed fully available. Dry commercial
NHyNO;, NH4H,POy4, and KCI were ap-
plied at rates of 38, 22, and 48 kg ha™,
respectively, in 1995, and 82, 18.5, and
126 kg ha™", respectively, in 1996, to equal
N, P, and K available in compost treat-
ments (Table 4). All fertilizers and com-
posts were uniformly surface-applied to
plots in early spring and rototilled into soil
to a depth of 15 cm.

Biodynamic field sprays 500, 501, and
508 were applied once during each field
season according to JPI product instruc-
tions (Table 4). We used pre-potentized
forms (specially pre-mixed) of prepara-
tions 500 and 501, which require less labor
to apply than the standard forms. One
packaged unit of preparations 500, 501,
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and 508 (Table 2), containing 38, 1.8, and
40 g moist weight, respectively, was ap-
plied as fine aqueous sprays in 11, 11, and
8 L water, respectively, to the total sprayed
plot area of 595 m?. Final application rates
were 64, 3, and 67 mg of preparation m?,
respectively, and 18, 18, and 13 ml water
m™?, respectively. Plots not receiving the
biodynamic sprays were sprayed with an
equal amount of well water.

Management practices not part of the
experimental design were similar on all
plots (Table 4). Plots were disked once
each fall and rototilled once each spring
to incorporate fertilizers and compost.
Weeds were controlled by wheel-hoe and
hand weeding. In 1996 weeds were re-
moved after weed populations were esti-
mated. Weed pressure after hand weeding
was very light. No synthetic insecticides
or herbicides were applied, but lentil was
sprayed once in 1995 with a tobacco (Ni-
cotigna tabacum L.) infusion to control
aphids (Acyrthosiphon pisum) (David and
Gardiner, 1953; Grainge and Ahmed,
1988; Ware, 1980, p. 24-25).

Crop, soil, and weed
measurements

Crop measurements included grain
yield; dry above-ground biomass; C, N,
and NOj content of grain; mycorrhizal
colonization of roots; and populations of

grass and broadleaf weeds. Mature lentil
was harvested by hand-clipping in three
0.25-m? areas in the center rows of each
plot. Wheat was harvested using a one-
row grain harvester in one strip approxi-
mately 7 m in length from the center row
of each plot. Harvested material was dried
and separated into grain and biomass.
Grain production per unit biomass was cal-
culated separately for each plot. Grain C
and N were determined with a Leco C
and N analyzer (CHN-600, Leco Corp.,
St. Joseph, MI). Percent N was multiplied
by 6.25 for lentil and 5.7 for wheat to
calculate crude protein content (Kasarda
etal., 1978). Nitrate content was measured
in an extract of 1 g finely ground grain in
15 ml distilled water with an ion-selective
electrode (Orion Research Inc., Beverly,
MA). Mycorrhizal colonization was esti-
mated using a gridline-intersect method
with acid fuschin-stained roots (Sylvia,
1994). Populations of grass and broadleaf
weeds were counted by hand in three 0.25-
m* squares per plot on 3-5 June 1996,
prior to any weed control.

Soil tests after treatment included
NO3 and NHj, cation exchange capacity,
penetration resistance, pH, and electrical
conductivity (EC). Cation exchange ca-
pacity was determined in 1995 only, while
penetration resistance, pH, and EC were
determined in 1996 only. Initial determi-
nations of soil-available P (Morgan phos-
phorus test), available K, and organic mat-
ter were made by Holm Laboratory,
University of Idaho (Murphy and Riley,
1962; Teech and English, 1944). Soil sur-
face penetration resistance was measured
10 times in each plot to a depth of 1.3 cm
with a pocket penetrometer (S-170 Pocket
Penetrometer, Brainard-Kilman, Stone
Mountain, GA) on 25 June 1996. Soils
were sampled for laboratory analyses just
prior to harvest. Six subsamples per plot
were collected to a depth of 15 cm, mixed,
and stored at 4°C. Nitrate and NH} were
extracted from 5 g soil with 30 m1 0.1 M
MgSO, and measured using a NOj3 ion
electrode (Orion Research Inc.) and NH}
ion electrode (Phoenix Electrode Co.,
Maidstone, U.K.) on a microprocessor
(Orion Research Inc.) (Dahnke and John-
son, 1990). Cation exchange capacity was
determined by flooding samples with neu-
tral 1 M NH,C,H;30,, then washing with

113



Table 5. Yield and quality of lentil grown in field plots in eastern Washington in 1995, mean of two sites.

Leafy Grain Grain per Carbon in Crude protein Nitrate
biomass yield unit biomass grain in grain in grain
Nutrient source (kg ha™) (kg ha™) (kg kg™ (gkg™ (gkg™ (mg NO3 kg™)

Biodynamic compost 3,530 2,030 a’ 0.62 431 259 69
Non-biodynamic compost 3,390 1,930 ab 0.63 430 260 69
Mineral NPK 3,240 1,740 b 0.60 431 256 68
None 3,520 1,960 ab 0.61 431 260 72
Biodynamic sprays
Yes 3,320 1,960 0.65 a° 429 a° 257 a° 70
No 3,520 1,860 . 0.58b 4320 261 b 69
CONTRASTS p>F
Compost vs. no compost NS NS NS NS NS NS
Compost vs. mineral NPK NS 0.03 NS NS 0.05 NS
Any fertilizer vs. none NS NS NS NS NS 0.06
Organic vs. biodynamic NS NS NS NS NS NS

/ Means with different letters are significantly different at P = 0.10.
2 Means with different letters are significantly different at P = 0.05.

1-propanol and extracting with 1 M KCI.
Displaced NH ions were measured using
an NH} ion-selective electrode (Phoenix
Electrode Co.) on a microprocessor (Orion
Research Inc.) (Corey, 1990). Soil pH was
measured with a microprocessor pH/milli-
volt meter (Orion Research Inc.). Electri-
cal conductivity was measured with a dis-
solved solids detector (Hanna Instruments,
Woonsocket, RI). Both pH and EC were
measured in a 1:2 soil:distilled-water
mixture.

Statistical analysis

Data are means of all plots at both sites
receiving the indicated nutrient source or
spray. Statistical comparisons were made
using the General Linear Model, Tukey’s
honestly significant difference (HSD) test,
and treatment contrasts (SAS/STAT,
1988). Contrasts allow comparison of
groups of treatments (e.g., all treatments
using any compost vs. treatments using
NPK fertilizers) that HSD tests cannot
compare. The contrast section of Tables
5-8 also includes organic vs. biodynamic,
which compares means of treatments 5
and 8 (Table 3). Data sets not fulfilling
the assumptions of parametric statistics
(grassy weed populations, soil NHJ, and
soil NO3) were transformed, or analyzed
using nonparametric statistics where data
transformations were ineffectual. Signifi-
cant differences are indicated on data ta-
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bles at two levels of probability, P < 0.05
and P < 0.10.

Results and Discussion
Crop yield and quality

Lentil grain yield was lowest in plots
receiving mineral NPK fertilizer; the yield
was 14% lower than grain yield in plots
receiving biodynamic compost, but not
significantly lower than control or non-
biodynamic compost treatments (Table 5).
Contrasts suggest that either type of com-
post increased grain yield over mineral
NPK. Lower yields in mineral-fertilized
plots than in compost plots may be due to
a larger or more timely release of nutrients
from compost than from mineral fertiliz-
ers, or improved soil structure or moisture
after compost addition. Slightly lower
yield in mineral-fertilized plots suggests a
negative effect of the mineral NPK, such
as salt toxicity, or reduced bacterial N-
fixation due to the mineral fertilizer appli-
cation.

Biodynamic field sprays did not signifi-
cantly affect either lentil biomass or grain
yield, but production expressed as grain
per unit leafy biomass was on average 12%
higher in biodynamically sprayed plots
than in plots sprayed only with water. This
may indicate that biodynamically sprayed
lentil expended a greater proportion of
plant resources toward grain production.
Average grain production per unit leafy

biomass of lentil appears too high, consid-
ering the average grain and biomass
yields; a larger difference between the ex-
pected and actual average is an indication
of higher variability of this ratio among
plots. The ratio is closer to the expected
value in the wheat data because of lower
variability in this ratio in 1996. There was
no difference in this ratio among treat-
ments in 1996 (Table 6). Wheat grain and
biomass production was lowest in plots
receiving no fertilizer. Wheat grain pro-
duction was greater on the Spillman farm
than on the Palouse farm (data not shown),
but on both farms the plots receiving either
compost or mineral fertilizer yielded simi-
lar amounts of grain and biomass.
Chemical parameters of lentil and
wheat were affected by farm site, nutrient
source, and use of biodynamic field
sprays. More crude protein was produced
from lentil and wheat on the Spillman farm
than on the Palouse farm (data not shown).
Contrasts showed that grain crude protein
content was lower in lentil supplied with
mineral NPK than with compost (Table
5). Concentrations of C and crude protein
in lentil grain were also lower in plots
receiving biodynamic field sprays. Wheat
plots supplied with biodynamic compost
had a lower N concentration, and thus less
crude protein than unfertilized plots (Table
6). This is likely a dilution effect whereby
yield is often inversely proportional to N
concentration, particularly in N-limited
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- Table 6. Yield and quality of soft white wheat grown in field plots in eastern Washington in 1995, mean of two sites.

Leafy Grain Grain per Carbon in Crude protein Nitrate
biomass yield unit biomass grain in grain in grain
Nutrient source (kg ha™) (kg ha™) (kg kg™ (gkg™ gke™ (mg NO3 kg™")

Biodynamic compost 4,510 a° 3,030 a' 0.67 409 102 b’ 13.0
Non-biodynamic compost 4,890 a 3220 a 0.66 409 103 ab 13.6
Mineral NPK 4,530 a 3,110 a 0.69 409 105 ab 13.6
None 2,820 b 1,840 b 0.67 408 108 a 13.8
Biodynamic sprays
Yes 4,020 1,960 0.67 409 104 13.9 b?
No 4,360 2,960 0.68 409 105 130 a
CONTRASTS p>F
Compost vs. no compost 0.005 0.02 NS NS NS NS
Compost vs. mineral NPK NS NS NS NS NS NS
Any fertilizer vs. none 0.001 0.001 NS NS NS NS
Organic vs. biodynamic NS NS NS NS NS NS

" Means with different letters are significantly different at P = 0.10.
2 Means with different letters are significantly different at P = 0.05.

Table 7. Soil tests (0 to 15 cm, August 1995) of field plots in eastern Washington in 1995, mean of two sites.

Mycorrhizal Cation exchange
Ammonium Nitrate colonization capacity
Nutrient source (mg kg™) (mg kg™) (% root length) {cmol kg™)

Biodynamic compost 12 42 80 b’ 17.8
Non-biodynamic compost 15 46 82b 17.8
Mineral NPK 12 39 75b 17.5
None 12 47 89 a 17.8
Biodynamic sprays

Yes 12 42 82 17.8
No 13 45 81 17.6
CONTRASTS p>F

Compost vs. no compost NS NS NS NS
Compost vs. mineral NPK NS NS NS NS
Any fertilizer vs. none NS - NS 0.03 NS
Organic vs. biodynamic NS NS NS NS

! Means with different letters are significantly different at o = 0.10.

soil (Campbell et al., 1981; Garcia del
Moral et al., 1995). In soft white wheat,
lower concentration of crude protein is as-
sociated with improved milling quality
(Wade, 1972). The small differences here
may or may not be biologically significant.
Contrasts showed that NO3 content in len-
til grain was highest in unfertilized plots
(Table 5). Nitrate content of wheat was
higher in plots sprayed with the biody-
namic field preparations than in wheat
from unsprayed plots (Table 6). However,
the small differences in NOj3 content here
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probably would not affect food quality or
storage of lentil or wheat grain.

All measured parameters of lentil and
wheat yield and quality were similar in
organic (treatment 5) and biodynamic
(treatment 8) management (Tables 5 and
6).

Soil fertility parameters

In 1995, mycorrhizal colonization of
lentil was greatest in plots that received no
applied nutrients (Table 7). Mycorrhizal
associations are most beneficial under low

soil phosphorus conditions, and the extent
of colonization often decreases in soils
with P fertilization (Jasper et al., 1979).

Soil NH} and NO3 were similar among
all treatments in 1995 (Table 7). In 1996,
soil NHJ} concentrations were similar
among plots receiving a nutrient source,
but lower where none was applied (Table
8). Soil NH was statistically higher in
biodynamically sprayed plots, but the dif-
ference of 0.6 mg kg™' is probably not
biologically significant.

Soil electrical conductivity was higher
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Table 8. Soil tests (0 to 15 cm, August 1996) and weed counts (6 June 1996) of field plots in eastern Washington, mean of two sites.

Mycorrhizal Electrical Penetration Grass  Broadleaf
Ammonium Nitrate colonization conductivity Seil resistance weeds weeds

Nutrient source (mg kg™ (mg kg™ (% root length) (dS m™1) pH (kg em™%) m?) m?)
Biodynamic compost 4.0 ab’ 6.3 68 0.14 b? 6.5 a’ 19 1.2 610 ab’
Non-biodynamic compost 4.0 ab 6.2 59 0.15b 64 a 22 1.8 580 b
Mineral NPK 4.1a 7.8 67 026 a 59¢ 1.8 7.5 820 ab
None 31b 6.3 68 0.12b 62b 1.9 6.2 860 a
Biodynamic sprays
Yes 4.1 2 6.8 65 0.17 6.2 2.0 2.5 670
No 35b 6.6 66 0.16 6.3 1.9 5.9 770
CONTRASTS p>F
Compost vs. no compost NS NS NS NS 0.001 NS 0.07 0.01
Compost vs. mineral NPK NS NS NS 0.002 0.001 NS NS 0.04
Any fertilizer vs. none 0.01 NS NS NS NS NS NS 0.05
Organic vs. biodynamic NS NS NS NS NS NS NS NS
" Means with different letters are significantly different at P = 0.10.
2 Means with different letters are significantly different at P = 0.05.
in mineral NPK—fertilized plots than in ~ Weed populations Conclusions

compost treatments or the control (Table
8), but all soils were well below the critical
saline EC level of 4 dS m™ (McBride,
1994). Cation exchange capacity was
greater on the Spillman farm and penetra-
tion resistance was greater on the Palouse
farm (data not shown), but both parame-
ters were similar among treatments (Ta-
bles 7 and 8). Soil pH was higher on the
Spillman farm than on the Palouse farm,
both at the initiation of the study (Table
2) and in 1996 (data not shown); at both
sites soil pH increased with application of
compost (Table 8). Decomposition of N-
containing organic material can temporar-
ily increase soil pH as NH, groups are
mineralized to NH} (Dyal et al., 1939),
but the primary effect on soil pH was likely
due to the application of large quantities
of pH 8.4 compost. Soil pH was lowest in
plots receiving mineral NPK. Some acidi-
fication could have resulted from nitrifica-
tion of ammoniacal fertilizer (Russell,
1961, p. 534).

All measured parameters of soil fertil-
ity were similar in organic and biodynamic
management (Tables 7 and 8). This further
suggests that both biodynamic and non-
biodynamic compost had similar effects
on soil properties, and biodynamic field
sprays did not have significant additive or
synergistic effects with biodynamic
compost.
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Application of compost in wheat re-
duced weed populations of both grass and
broadleaf weeds, compared with no com-
post application (Table 8). Broadleaf weed
populations were 29% lower and grassy
weed populations were 78% lower in com-
post-amended plots than in plots receiving
mineral fertilizer or no supplemental nutri-
ent source. Smaller weed populations did
not confer a yield advantage to compost-
amended plots in this study because weeds
in all plots were removed after counting.
Compost can reduce weed populations
through both physical and chemical mech-
anisms, by smothering weed seedling
growth early in the season and releasing
chemicals that are toxic to plants through-
out the growing season (Ligneau and Watt,
1995). Compost remained on the soil sur-
face after application for approximately 1
week in both 1995 and 1996, until weather
conditions allowed tillage for compost in-
corporation. Compost may have smoth-
ered young weeds during this period.

There were no statistically significant
differences in weed populations due to bi-
odynamic sprays, although sprayed plots
had on average less than half the number
of grass weeds as their unsprayed counter-
parts (Table 8). Weed populations were
similar with organic and biodynamic man-
agement.

Applied composts and mineral fertiliz-
ers both supplied ample nutrients for lentil
and wheat production, although lentil
yield in mineral NPK—fertilized plots was
less than expected. No significant differ-
ences were observed in crops, soils, or
weed populations between fertilization
with biodynamic vs. non-biodynamic
compost, or between organic vs. biody-
namic management. Soil pH increased
with application of either compost, and
compost reduced populations of both grass
and broadleaf weeds in wheat. Carbon and
N were lower in lentil and NOj; was higher
in wheat where biodynamic field sprays
were used, compared with their non-use.
These findings are of unknown biological
significance. Biodynamically sprayed len-
tils also yielded more grain per unit of
leafy biomass production, although grain
and biomass yields alone were not af-
fected.

These studies confirm that yields of
lentil and wheat obtained with organic nu-
trient sources can be comparable to yields
from mineral fertilization, but additional
benefits to crops and soils from biody-
namic compost and field preparations are
uncertain in the short run. Given that most
of the statistically significant findings of
this study correlated biodynamic field
sprays with lower N in lentil grain, higher
NO3 in wheat grain, and higher soil
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NH3, further research examining the ef-
fects of biodynamic field spray prepara-
tions on N dynamics in crops and soils
may be warranted. Long-term studies are
also needed, as the effects of repeated ap-
plications of low levels of preparations
may be incremental or cumulative and
may not be apparent in short-term studies.
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